ABSTRACT. Over 85% of all ichthyoplankton found in the study area in 1976 Key words: arctic cod, Boreogudus, ichthyoplankton, larval fish, juvenile fish, growth, depth distribution, Lancaster Sound, Baffin Bay RÉSUMÉ. Les Boreogadus nts au cours de l'annte reprtsentaient plus de 85% du total de I'ichtyoplancton trouvt dans le territoire il I'ttude en 1976 et 1978. Les autres especes appartenaient, pour lamajeure partie, àla famille des Cyclopteridae. La densitt des populations de morue nee au cours de l'annbe dependait de la saison, la profondeur et (dans une moindre mesure) de I'annte et la position. De juin jusqu'à tout au moins la mi-aoGt, la morue nee au cours de l'annte ttait generalement plus abondante à une profondeur de 10 à 20 m et rare ou absente pres de la surface. Les densites ont diminue sous -20 m et aucune ne fut trouvtes plus profondement que 250 m. Apres la mi-aoGt, les densites ont diminudes àtoutes les profondeurs Bchantillonnbes. Plus de morue nees au cours de 1'annCe peuvent avoir t t t presentes dans le territoire à l'ttude en 1976 qu'en 1978, et celles-ci etaient significativement plus longues àune date donnee en 1976 qu'en 1978.
INTRODUCTION
While knowledge of arctic cod, Boreogadus saida (Lepechin), in North American waters is growing (Quast, 1974; Bohn and McElroy, 1976; Bain et al. 1977; Bain and Sekerak, 1978; Den Beste and McCart, 1978; Frost etal., 1978; Hunter, 1979; Lear, 1979; Miller, 1979; TarboxandThorne, 1979; Wolotiraetal., 1979; Buchanan and Foy, 1980; Lilly, 1980; Wells, 1980; Lowry and Frost, 1981; Bradstreet, 1982; Craig et al., 1982) , most data remain in unpublished reports and working papers. Vast geographic areas remain unstudied and basic elements of the life history of arctic cod are little understood.
Although arctic cod are little used by man, they are an extremely important link in the transfer of energy from lower trophic levels to seabirds and marine mammals. Arctic cod are eaten by white whales, narwhals, ringed, bearded and harp seals, walruses (occasionally), thickbilled and common murres, black guillemgts, black-legged kittiwakes, northern fulmars, arctic terns, and glaucous, Sabine's, ivory and Ross's gulls (Andriashev, 1964; Quast, 1974; Bradstreet, 1976 Bradstreet, , 1977 Bradstreet, , 1979 Bradstreet, , 1980 Divoky, 1978; Lowry et al., 1978 Lowry et al., , 1980 Springer and Roseneau, 1978; Davis et al., 1980; Bradstreet and Cross, 1982; Finley and Gibb, in press) . Arctic cod form a significant fraction of the food consumed by many of the above animals. The arctic cod is especially important because it is the only relatively abundant fish in many arctic areas and few alternate food sources appear to exist. It is circumpolar in distribution and has been found as far north as 88"N latitude (Kleinenberg et al., 1964) .
Arctic cod in the Barents, Kara, Laptev and East Siberian seas have received more scientific attention than those in seas around North America. A generalized account of their life history can be drawn from European and Soviet literature. Although details may vary, this probably also applies to North American arctic waters. The general consensus is that arctic cod spawn between December and March (Jensen, 1948; Andriashev, 1964; Hognestad, 1968a, b; Ponomarenko, 1968) , although spawning in October and November near Novaya Zemlya was reported by Kleinenberg et al. (1964) .
The only identified spawning area in the North American Arctic is in Stefansson Sound in the Alaskan Beaufort Sea (Craig et al., 1982) ; however, efforts to define spawning areas have been minimal. After field efforts in late November 1976 and late, February and April 1977 assumed-that waters near Cornwallis Island were not utilized by arctic cod for spawning, as no adults or eggs were collected and young-of-the-year were first captured in April.
Arctic cod eggs are buoyant and range from 1.5 to 1.9 mm in diameter (Russell, 1976) . Laboratory experiments indicate that the incubation period for arctic cod eggs is 26-35 d when held at a mean temperature of 0°C (Aronovich et al., 1975) but incubation may be considerably longer at the subzero temperatures of winter sea water. From data on spawning period and first appearance of larvae in the Barents Sea, Rass (1968) suggested that the natural incubation period was 45-90 d. According to Rass (1968) , newly emerged larvae are about 5.5 mm long, postlarvae are 6-30 mm, and transformation to the juvenile (fry) stage occurs when the young are 30-50 mm long. Baranenkova et al. (1966) reported newly emerged larvae as small as 3.5 mm in length. Ocean currents undoubtedly transport planktonic stages of arctic cod over consider- Growth of young cod is relatively rapid and one-yearolds are commonly 70-100 mmin length (Hognestad, 1968b; Craig et al., 1982) . However, arctic cod are short-lived; five-to six-year-old fish are rare and specimens over 300 mm long are uncommon. Sexual maturity is commonly attained by age 3 yr and males tend to mature earlier than females (Craig et al., 1982) . Behavior and movement patterns of arctic cod are complicated and poorly known. Large 'prespawning' concentrations have been reported in coastal regions of the Barents Sea (Ponomarenko, 1968) . Concentrations of arctic cod also occur in the North American Arctic (Craig et al., 1982; Finley and Gibb, in press ), but information is insufficient to predict where such concentrations are most likely to occur. This paper concerns arctic cod in Lancaster Sound and western Baffh Bay during a limited portion of their life cycle -generally from July to early October in the first year of life. During this period a variety of planktonic or semi-planktonic stages can be present at the same time. Size of available specimens indicates that the majority are postlarvae. Available information from other North American areas is also discussed.
MATERIALS AND METHODS

1976
Six stations in Lancaster Sound (Fig. 1) were sampled from the M/V Theta on five occasions in 1976: 22-28 July, 3-8 August, 16-22 August, 27 August-1 September, 7-13 September. During the third period the station near Cape Sherard could not be occupied due to ice conditions; nearby waters (Station CSA) were sampled instead. No special efforts to obtain ichthyoplankton were routinely performed in 1976, but young fish were relatively common in samples collected with zooplankton sampling gear. A 0.5 m diameter plankton net (239 pm mesh) equipped with an Inter Ocean Model 313 flowmeter was used. For horizontal tows, the open net was lowered to the desired depth, towed from the stern of the ship for 10 min at -5.6 kmh, closed, and brought to the surface. Approximate tow depths were maintained by measurement of wire angle and adjustment of length of wire. Occasional horizontal tows with a Miller sampler (760 pm mesh) were also performed from the stern of the ship at depth 10 m and towing speed 7.4 km/h; see Miller (1961) for a description of the sampler.
1978
In 1978, 32 stations (Fig. 2) were sampled from the starboard side of the M/V Theron between 23 July and 10 October. Most stations were sampled only once. Ichthyoplankton samples were obtained by towing six used and volume filtered was calculated using mouth area of sampler (0.01 m2) and the duration and speed of tow.
The full complement of samples was not obtained at all stations and depths in 1978 (0 m, n = 51; 10 m, n = 40; 17 m,n = 40;34 m,n = 40;102 m,n = 40;170 m,n = 37). When fewer than five of the six normal sampling depths were sampled at any time or station, the data were excluded. Three replicate samples were obtained from each normal sampling depth at stations D-5 and A-2 on 22 and 25 August, respectively. Other samples were not replicated.
In 1978, ichthyoplankton were also sometimes captured during zooplankton sampling with vertically towed nets (see Buchanan and Sekerak, 1982) . Ichthyoplankton data from these samples are used qualitatively when appropriate.
Processing and ldentifcation
All samples were preserved in 10% buffered formalin. Storage time varied from 1 to 4 mo before ichthyoplankton were identified, enumerated, measured (total length to nearest mm) and weighed ( 2 1 mg). DepEbste and McCart (1978) reported a 5-6% shrinkage in the total length of Y-0-Y cod (n = 10) after 20 days; hence lengths presented here are underestimates.
At present, identification of northern cods, especially young specimens,6,difficult because of lack of published information, absence of collections from many arctic regions, and variability in characteristics of specimens that are available. Representative specimens of Y-0-Y cod from Lancaster Sound -Baffrn Bay (this study) and the Beaufort Sea (LGL Ltd., in prep.) were examined by J. Richard Dunn (National Marine Fisheries, Seattle, WA, pers. comm.). Although specimens from the Beaufort Sea were identified as B. saida, specific identification of the specimens from the present study area was not possible because of slight differences in their morphology. The collection contained very small numbers (<1%) of Arctogadus but was dominated by Boreogadus. Present knowledge suggests that B. saida is the only abundant cod in most regions of the North American High Arctic that have been studied; hence the dominance of a different species in ichthyoplankton collections is improbable. Nevertheless, the Y-0-Y cod collected from Baffin Bay and Lancaster Sound are hereafter referred to as Boreogadus (with the knowledge that the collection also containedFmh1 numbers ofArctogadus). Miller (1961) reported that differences between measured and theoretical filtration rates were negligible with Miller samplers. However, the above sampling method did introduce errors through contamination and underestimation of volume filtered. Filtration probably was minimal while lowering the samplers, because setting speed was similar to ship speed. Upon retrieval the samplers were towed from their sampling depths diagonally to the surface. The volume of water filtered during this passage was estimated from the lengths of wire deployed. The estimated volume of water filtered above nominal sampling depths is small for shallow water tows but significant at 100 m depths ( Table 1 ). All ichthyoplankton densities were calculated using the estimated total volumes filtered shown in Table 1 . Contamination is discussed below. Emphasis during both the 1976 and 1978 studies was on wide geographic coverage and few replicate samples were taken. Direct comparisons between years are confounded by some differences in sampling gear and depths sampled; also, the study areas overlapped only slightly. A few of the data allow comparisons of the efficiency of horizontally 
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RESULTS AND DISCUSSION
Ichthyoplankton in Lancaster Sound and western Baffin Bay was dominated by cod in both 1976 (86% of total catch) and 1978 (87%). Seasnails (Cyclopteridae) accounted for most of the remaining catch in both years while sculpins (Cottidae) and alligator fish (Agonidae) were rare. Similarly, in'the western Canadian Arctic, Hunter (1979) reported that arctic cod was the most abundant species captured in Amundsen Gulf in 1973 (90% of total catch) and in Mackenzie Bay in 1975 (73%). Arctic cod were proportionately less abundant in Mackenzie Bay in 1974 (7%) and in Amundsen Gulfin 1977 (24%), possibly because of the presence of large amounts of brackish water and the few samples taken. Arctic cod accounted for 76% of the ichthyoplankton taken from the Labrador Sea in 1979 (Buchanan and Foy, 1980 
Time of Year
When depth-weighted data from all stations are considered, the apparent densities of Y-0-Y cod decreased markedly from midsummer to autumn in both 1976 and 1978 (Fig. 3) . In 1976, the Spearman rank correlation between densities at 10 m.depth and date was -0.50 (df = 28, P<0.005). In 1978, the correlation was -0.47 (df = 32, P<0.005). Although few stations were sampled repeatedly in 1978, the decrease in catch as the season progressed was probably not attributable to any confounding geographic effect; only 39% of the total sampling effort was expended from 23 July to 19 August, but this effort yielded 80% of the total catch. In 1976, the same stations were sampled repeatedly over time, and geographic area was largely eliminated as a variable. The apparent decrease in cod densities over time may be due, in part, to (I) natural mortality and (2) increased efficiency in net avoidance as the fish become larger and more active. Both factors should act in a progressive nature, and do not explain the rather sudden decrease in densities of planktonic cod after mid-August. In late summer and fall, Y-0-Y cod probably begin to cease their planktonic existence and seek substrates, inshore or shelf waters, or perhaps deeper waters; my data are insufficient to clarify this matter. However, off Newfoundland and Labrador, acoustic surveys and trawl catches in October 1978 documented that many arctic cod (often 10-20cod/m2) occur at 100-200 m (Miller, 1979) . Apart from a few large specimens, these concentrations were composed of Y-0-Y specimens (total lengths 35-64 mm, mode = 45-49 mrn). These lengths are close to those given by Rass (1968) for the point at which the young change from the postlarval to the juvenile (fry) stage; the latter are capable of active swimming and are no longer strictly planktonic. Thus, both schooling and descent into deeper waters may occur in late summer and fall. (Fig.  3) . The lower density estimates in 1978 were derived from Miller samplers; the somewhat higher estimates in 1976 were from plankton rids, which are presumably less efficient (see Methods). This suggests that more Y-0-Y cod were present in the general region in 1976 than in 1978. However, daily depth-weighted mean densities did not a 1976 data are from horizontal tows with a 0.5 m zooplankton net. Friedman test comparing densities at different depths gave X : = 18.39, df = 3, P<O.OOl. The density at 10 m was significantly higher than that at 0 m, and the density at 50 m was significantly higher than densities at 0 and 150 m (PC0.05 in each case; multiple comparisons based on Friedman rank sums [Hollander and Wolfe, 19731 Miller samples taken in 1978 at depths other than 0 m probably were contaminated as they were raised through water above their designated sampling depth (Table 1) Data from vertical tows with 0.5 m diameter plankton nets in 1978 also indicate that Y-0-Y cod were most common in shallow water (Table 4) Figure 5 shows his curve plus similar curves for my data. It should be noted that these general relationships apply to only a small portion of the year (July to perhaps October). Also, the high correlation coefficient of Hunter (1979) suggests that his curve and coefficient were calculated fiommean values. Furthermore, even during those months, densities are subject to annual and regional differences. Description of the "normal" depth distribution of Y-0-Y cod is confounded by radical variations in some circumstances. For example, uncommonly high densities of up to 80 Y-0-Y-m" were encountered at the immediate surface at stations D-4 and EM on 27 and 28 July in 1978 (Fig. 4) ; no cod were captured at any other depth sampled at these two stations. Similarly, Den Beste and McCart (1979) reported high densities (61 and 93 arctic cod.100 m-3) at depths 1-2 m in Nachvak Fiord, Labrador, in July and August 1978; no samples were taken in deeper waters. (Miller, 1979) .
Geographic Area
As previously explained, only broad comparisons of densities of Y-0-Y cod within different regions of the 1978 study area can be made due to lack of sample replication. Densities did not differ significantly among (1) Because cod eggs are buoyant and Y-0-Y are planktonic for several months, it can be expected that regional differences in abundance become less marked and perhaps eliminated as currents transport the young. In addition, few studies have been sufficiently intense and extensive in geographic coverage to document any regional differences in abundance that might occur. Buchanan and Foy (1980) noted large differences in densities of Y-0-Y cod in offshore vs. nearshore waters of the Labrador Sea (Table 5 ) but, due to extreme variation in numbers of cod in samples from similar stations, significant differences were evident only when densities in bays and fiords were compared with those at the farthest offshore stations. Hunter (1979) reported large differences in the densities of Y-0-Y arctic cod in different parts of the southeast Beaufort Sea; however, he suggested that the differences were probably attributable to changes in the salinity regimes in Mackenzie Bay in 1974 (very brackish) and 1975, and not to geographic area per se. Hunter, 1979 2. 8 Quast, 1974 33.93 Buchanan and Foy, 1980 32.89 Buchanan and Foy, 1980 14.34 Buchanan and Foy, 1980 4.20 Buchanan and Foy, 1980 3.44 Buchanan and Foy, 1980 1.45 Buchanan and Foy, 1980 6.77 Present study
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other regions, but that study was conducted in Juneearlier in the year than any other study in Table 5 . By July and early August, natural mortality could reduce densities to the range found during this study in Lancaster Sound and western Baffn Bay (e.g., Jones and Hall [1974] estimate a general larval mortality rate of 2-10% per day for marine teleosts). Densities in nearshore waters of the Labrador Sea in mid-to late summer of 1979 appear to be especially high in comparison to other areas and those in the southeast Beaufort Sea appear to be especially low.
The low densities found in Resolute Passage, adjacent to
Wellington Channel, may have been due to a local disturb- ance in the water column; sampling probably took place during a period of strong wind-induced upwelling (Bain et al., 1977) , and the shallow waters sampled probably had recently upwelled from deeper areas where Y-0-Y are scarce. The most pertinent conclusion that can be drawn from Table 5 is that Y-0-Y cod are widely distributed in North American arctic waters, where they are normally a dominant component of the ichthyoplankton.
Size Distribution
The length-frequency distributions of Y-0-Y cod captured in Lancaster Sound-westem Baffin Bay in 1976 and 1978 were similar in that modal length was 11-13 mm in each collection (Fig. 6) . The greater frequency of larger Y-0-Y (34-42 mm) in 1978 is to be expected, because sampling in 1978 continued later into the fall.
The generalized length-frequency distributions shown in Fig. 6 do not represent the range of sizes present at any one time. Growth of Y-0-Y cod is rapid during summer (see below), and in 1976 the 11-13 mm size class dominated only in late July and early August (Fig. 7) . The presence of 1 1-13 mm cod in large numbers for a relatively brief part of the study period was the dominant factor determining the generalized length-frequency distribution.
Most of,the larger specimens (>20 mm) obtained in 1976 and 1978 were collected after early August.
In 1976, the distribution of sizes in the collection obtained by Miller samplers appears more normal than that in the collection obtained by 0.5 m diameter plankton nets (Fig. 6) . However, the sizes of Y-0-Y cod collected by the two samplers were not significantly different (see Methods) .
Reported modal sizes of Y-0-Y cod from the Beaufort Sea are substantially larger than those from Lancaster Sound-western Baffh Bay and the Labrador Sea (Fig. 6) , but the differences are at least partly due to date of collection. For example >70% of those collected from Amundsen Gulf in 1973 were obtained from 31 August to 9 September; hence a comparatively large modal size is to be expected (cf. Fig. 7) . In addition, an Isaacs-Kidd trawl, which could be more efficient in capturing large Y-0-Y cod, was used in the Beaufort Sea.
Even October. Based on a linear regression equation for length vs. day (Fig. 8) , mean total length increased from 9 to 28 mm during this 76-d period. Growth during this period was probably not uniform and the scatter of points in Figure 8 suggests faster growth in late summer.
This was also suggested, but not conclusively proved, by Baranenkova et al. (1966) and Buchanan and Foy (1980) . However, linear expressions best fit the data at hand, perhaps due to the paucity of specimens from September and October. 
Lancaster Sd. they presumably can be transported considerable distances from the spawning areas. In the present study area transport would be predominantly southward (Fissel et al., 1982) . Information presented by Miller (1979) suggests that juvenile arctic cod descend to deeper water and perhaps school in late summer and fall. Slow northward migrations of immature Atlantic cod (Gadus morhua) to their spawning areas off Labrador and Newfoundland have been reported (May, 1966; Bulatova, 1971. 
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